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ABSTRACT: The effect of chain length and packing density of intercalated surfactants, an-
nealing temperature, and annealing time on static melt intercalation of thermoplastic poly-
mers was examined using x-ray and FTIR spectroscopy. Although melt intercalation of poly-
mers was not successful when alkyl chains in organosilicates form a lateral monolayer struc-
ture, the type and structure of surfactants could not much affect final interlayer distances of
most polymer/silicate hybrids. As annealing time increases, interlayer distance in
organosilicates increases while the dispersity of the spacing between silicate layers decreases.
However, the dispersity of interlayer spacing as well as interlayer distance in organosilicates
increase with annealing temperature.

Keywords: nanocomposites, melt intercalation. organosilicates, thermoplastic polymer.

NoE

A9} 49 nEA BAse Beld, sA4,
d 7o) 7)Ee] BeA e viskl Ansl @

8z 71AH, 943 4EEL A 938t
DEz} fEY2d felAdfel 2ol FHEo v
an 23 YAEL HolA BFARE Azsi=
& ol B A7} FAgo] Hojg} o]F ojgdH
Be AFE0] AHH Ut AR A2 dE9
Toyota 7404 nylong o] &3l Ui Sl

>i.\,L£

794

= Ag RAE o|F, FES] IEAE 0|5}
AR A=, d AFA, 99N, T4 Fo] Hojd
=B E AZRsHs AT AFA FAle] Rolj1
At FAA E4A 38 5 dE FE (cday) =
micron o|&te] A& 7IxE YAa BEe] sHo
2 Si0,9 AlLOs7t FHE o2 ojFoix o). &

Polymer(Korea) Vol. 24, No. 6, November 2000



f7184 7271 €7t dx=E8HY Az aXE 4

Ao AM-H HE<Q montmorillonite (MMT) &
silicaol] 2]%} tetrahedral sheet®} aluminum hy-
droxide©l] 2]% octahedral sheet7} 2:12 Z§3io
HAE 54 9.6 A 9 two-dimensional silicate layer
Eo] $%0] #AUE smectiteF FE F & 71R] 0]
. Ad@lAlo)E 2 tetrahedral sheetd] &3
A% Si 9x7 Al 942, 183 octahedral
sheeto] A= Al 9271 Mg2 Zt4 xj@so] 44
He £ AsE s sl 3 3 Ajo)
(interlayer E=& gallery)ol= 249 Yolo] &
Y= F22 olFoA] Q). Smectite® HE F

oo

O

Z 3o] & At vzF 2 MMTE 33 3 A

ol9] van der Waals £+ 4=a o] o} 4
A 7 F2E BANE 5 Yol P A9} E§tsio
Y53 & A 23k d2Le] 479 olg51 ¢
o
HEE ol g8l U=HIAE A== wge 2
A2 HEE 4ol nEA 7 AleEo] HES 2
Atolof 7jo] £o] 7} & (intercalation) ¥ % 23}
T Alole] 213 & e HEY 34 Y& Py
o2 Ux S8 FJE 25o] nEa mEY A
15 9X)7 (exfoliation) k= AHolt}. & A} A}
&9 =719 v]sld AlgEo] 7o Eolvjo} sl=
E 389 7Fo] 44 o} nEAE 2§ AN
AH AJAIFIZIL s eg m37)7 3838 e
BFAEL HE F Aol 2viEA & F F¥e
Al P g dedA nERE Al
WG Fol U B e) A 2o o] S5 oA .
SAPH YoM AlEEC] F& HE & Aoz
Eol7} A#E conformationg ZHAWA 7AsA
HE AERZDE HE 24 FHE Ud Lo

€°l oA Wi @A s dEasd Flz 4

H3}7] W Fol 3oz AlEE9] Asle] 7H53)
oA} Ex)qt o9} e AEZ T Zy}7} FA) )
2 9= S83udAMe nEA A Ao 99
3og £&|% conformational entropy ZHAE A
HE 7 AR T2A7 HE Z Alo]2 5o 4 o
A7} F7ISt2E slojol mE R 4ol 7H53)
A gt Alel g dgslel Frh= HE 29 1
2 AleF 23 Fgo] F& 57184 E g 3
AA F f7138 HEE ojg8o2M Aol £ 9

w20 A247F A63 2000d 1Y

oug @it TEAY] £80 A7 kB
Az B AFNAME #7138 FEG ¥R A}
ole] Fz g g olshrt vl FoEG. &4
dejel a8t f718 HE F Alolg Aol He
o] § 4983 HALS Vaia9)} Giannelis=!%? at-
tice-based mean field o] & o]&-3lo] MY L
vt olls} o8] FHel Al RRAE o) g3}
o BERY] 2 Fol £6 AYel A Fgo

HEld B 2AE stk B dFdME izl

feldo] £ S£82E oldollA nEA AEEo]
ALHoz FH HE F Alolg Eo7le static
48 HAYE Auists 278 F A¥E R71849
T&, Fel, 321 packing = Fo] £XulY §

CE7E viAE 9Pl sl x-raye} FTIR spec-

troscopy € ©|§-3te] xA}EIA .
4 ¥

#7158 HE 4. Nat-montmorillonite (Na*-
MMT)& fo]2 @83 (Cation Exchange Ca-
pacity, CEC)o] 119 meq/100 g%l 4% Kunimini
At Kunipia-F& AlMg-3l9len AlgZolsl e
alkylamine (C H,,,,NH,, n=4, 6, 8, 10, 12, 18)
E2 Aldrichdl A F9J3le] AMg-3lich Yol m g
Whgoll 2JaA alkylamommium o]&o] HE &4
o] F&Hol2 g A#3h= /713 HES 4] 9
st Z} dopmle] == o]4(50-70 C) ol
FolA HES Fol nesd o4 FRY Yo @
otz HCIE 1:18 4o] 4UUYREF o)LL 3
43t o719 1wi% e Nat-MMT7} "gole4
of B4tg g o] 60 CollA] 1247 FF muk
Y. o] UHZ AZ F =AL B2 AYsy
ol Ae EHoll o] A Astw, 80Ty A
Fo2A 24417t Az}

LeSER M= foiM 48 6718 HeESy
&l o]F Southern ClayolAl 78 713 &
€ A4 nEAee UnEeh Alxd] olgst
g}, Nat-MMT9 sodium o]&g dioctadecyldi-
methyl ammonium o]& (2C,jH;,N*2CH;) 082 2]
B}F MMT-2C,3& gol m@sdoe] Az ga 3

& ARddenl, Yol 285 (CEC)o)

795



oleh 4

140, 125, 12] 3 95 meq/100g Q) %713 HEE 2
z} Cloisite® 6A, 15A, 18]3 20AZ ¥A8¥ch
Aldricho] A} 3¢% polystyrene (MW =45000 g/
mol) 7} poly (ethylene oxide) (MW =900 g/mol)
€ Mgl ngxs #7138 HE 9112 HY
pellet& ALdlA 70 MPad] ¢4Fog &3 FH|3
Atk o] ARE AFOAH LR feido] E
= $88E oM QP AT AHAND ¥ AL
o2 YA Y BN ARE 23T

£ M. XRD (X-ray diffraction) 4¥& 1.54 A
Cu targetg& AM-§ Y¥ MacScience?] M18XHF
- -SRA & o] &3} 2degree/min®] scan £& & 1.5°
~10° UM FP&Hh. £U9] NEE {28
Aot o 2 mm A9 gk Hoz FuH|F F WA}
Aol ol XA A AHE AU HE &
A W /7184 AlEES F2 4L Perkin-
Elmer System 2000 FTIR SpectrometerZ A}g3}
o A& KBr# 4o] pelletoz Fu|8 ¥ 4cm™
resolution, 300scanc @ FTIR AMERYE do]
3lgr}. FT-Raman A¥EHE Germanium de-
tecter2} 1.064 zam 33e] Nd : YAG laserE 9
o2 A2 Bruker RFS-100/S FT-Raman spec-
trometer& A3l 4cm’?! resolutiono.2 400
scang Bt AUY. =R & E4d
o]£% differential scanning calorimeter (DSC)+=
Perkin-ElmerAle] DSC 7& AM-3tglon, £43
PFOR 258 HAT F 43T AL 71F 3N
10 C/ming] scan&: 2 AL F3 8} ).

4ot 9 o

AE AdZAole 7t o]l 29 Al Na*-
MMTe] F4ol2 (Nat)& 24 =771 8 471384
2 A& HE & Aol 7HFo] Holx AL 4
£% & dsd HE Fo A8 /Ui TR
7t ohi2t 7134l U=, & packing REd walA
& & Aole HFe] ZEiX& A& Figure 1914 ¢
g At Y {713 dioctadecyldimethyl
ammoniumo] MMTe] HelfAlo]E ZFe Y7} A
2 tg2A A8 (MMT-2C;,) Al 259 §713 A
E<l 6A (CEC 140), 15A (CEC 125), 20A (CEC

796

. 7‘:]/\3:": .

%7

%‘7]'}1’" i -1

95)¢] XRD 4% ZH7E Figure 19 vepidct.
230l #ode HE U AAlClE FE o]}
YRl 2 Alge] XA HHE 137t 24, 2.7, 3.59
A B d, MMT AeiAole 3 x4 o] £4) 9.6
AE A3t AN F Alele] HF, F gallery
height= 2}Z} 27.2, 23.1, 15.6 AYS ¢ 5+ Ut
o] A= F Alolol EAlsHe /718l do] Za
ol wel 37t 2] WA Fol=k e B
FE Aot f718Al9 U=l 713 & 6A9 7
%, XRD AgdA QoA % 714 272 A& @
g {71302 Cy BZ (alky) AlEe] 0|83 2
o] 25.7 A (all-trans 7Y ©w YLAE Zolg
ammonium® =27]=18x1.26+3.0)3 b=,
o]= MMT o %8 C,;3 AEE©] all-trans9)
extended AlE F2E 7L F Alold] 3oz
uige] sjo] 217] wEolch. Alge] CEC gto] Zo}
Hol| wit 271 71Ao) Zol=E AL C AREEY
U7t Zagel wet S48 AEEe] 39 + o
© 3] HolA deEzdE Huz sl EFAT
F% (disordered conformation)E& 7}x]7] wj&o]
t}. 28jma C; AFEEo| extended trans % 4
A ERAS 128 JIAA Ho Bolxle ZoluE
HE % Alolg] 71Fo] ZolEA HE RHolo)

XRD A} 49 71x8o {58 HE 9 A
gd f7IsAEe] 2o BE FRE FTRY
Raman spectroscopy & ©]&3ld #lslct. C-H
A& A5&F vart ¢4AE9 gauche/trans F

(a)

Intensity (a.u.)

(b)

(c)

2 3 4 5 6 7 8

2 @ (deg)
Figure 1. X-ray diffraction patterns of organosilicate
MMT-2C,g with different packing density : (a) 6A
(CEC 140), (b) 15A (CEC 125), and (c) 20A (CEC 95).
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Figure 2. FTIR spectra of CH stretching region of
organosilicate MMT-2C, with different packing densi-
ty : (a) 6A (CEC 140), (b) 15A (CEC 125), and (c) 20A
(CEC 95).
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Figure 3. DSC thermograms of organosilicate MMT-

- 2Cyq with different packing density : (a) 6A (CEC

140), (b) 15A (CEC 125), and (c) 20A (CEC 95).
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Figure 4. X-rayv diffraction patterns of melt interca-
lated polystyrene/alkylamine modified MMT (MMT-
C,) composites with different chain lengths (C,).
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Figure 5. X-ray diffraction patterns of melt interca-
lated polystyrene/MMT-2C,, composites : {(a) 6A (CEC
140), (b) 15A (CEC 125), and (c) 20A (CEC95).
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Figure 6. X-ray diffraction spectra of PEQ/30A
organosilicate hybrid heated to 80 °C for various times.
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Figure 7. X-ray diffraction spectra of polystyrene/
10A organosilicate hybrid at different annealing tem-
peratures.
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